Three Japanese patients with Joseph disease from different families developed sleep disturbance, followed by delirium at the middle to end stage. Brain CT scans of the three patients showed brainstem tegmental atrophy. EEG revealed slowing of background activity. Two necropsy cases showed degeneration of the reticular formation, raphe nuclei and locus ceruleus in the brainstem tegmentum in addition to the common pathological findings of Joseph disease. The clinicopathological correlation between the delirium and the brainstem tegmental atrophy in Joseph disease is discussed.
Joseph disease'-6 is an autosomal dominant inherited neurological disease. It is characterised clinically by cerebellar ataxia, pyramidal signs, progressive external ophthalmoplegia, and associated in variable degrees with dystonia, muscle rigidity, bradykinesia, and peripheral amyotrophy. The neuropathology of Joseph disease2-10 consists of degeneration in the substantia nigra, pontine nucleus, brainstem motor nuclei including oculomotor nuclei, spinal anterior horn, Clarke's column, spinocerebellar tract, pallidoluysian system, dentate nucleus and its efferent system, and less severe involvement of the cerebellar cortex, with sparing of the inferior olivary nucleus.
Joseph disease was initially described in several Portuguese emigrant families in the USA by Nakano et al I and Wood et al2 in 1972, followed by a report of Rosenberg et al. 3 This disease has also been found in black-American," 12 French, '3 ItalianAmerican,'4 15 Indian, 16 17 25 We present three Japanese Joseph disease patients from different families associated with delirium, which is presumed to be rare, and discuss the relationship between delirium and its pathological basis.
Case reports Case 1 was a 46-year-old man. His mother, elder brother, uncle and cousins showed cerebellar ataxia. Hand tremor and double vision appeared at age 37, followed by unsteady gait and dysarthria. At age 40, he was admitted to our hospital. Neurological examination disclosed cerebellar ataxia, nystagmus, muscle hypotonia and bradykinesia. Vibration sense in his legs was impaired. After the age of 43, he was unable to walk. Dystonia in his face and upper limbs, and faciolingual fasciculation were clearly visible. After the age of 44, bulging eyes with limitation of upper gaze, muscle atrophy of his legs, and positive Babinski sign were found.
Mentally, he was alert and intelligent on admission. After a while, he often became depressed. At age 42, sleep disturbance occurred, and he suffered from delirious episodes. He sometimes took off his bedclothes and got out of bed at night. He said "I saw outside trees approaching me, I was frightened, terrible!". At age 45, his behaviour became disoriented. He took off his bedclothes and fingered his genitalia in the presence of others. He said "my spine commands me to go to the toilet" and "my foot contains drugs" etc. He was lethargic and could not perform simple calculations. He recovered from the delirium two months after receiving a remedy for disturbance of consciousness (citicoline) and neuroleptics. He was amnestic about the previous delirious episodes. Recently, mild memory disturbance without disorientation, and slowing of thought processes were noted.
Routine laboratory studies were normal. During the episode of delirium, EEGs showed a generalised slowing of the background activity with predominant 7-8 Hz waves, and two months after showed an [8] [9] Hz regular pattern. Brain CT and MRI showed severe atrophy of the brainstem, especially of the tegmentum with dilatation of Figure 1 Sleep disturbance and emotional lability appeared at the age of 52. Subsequently, he often suffered from delirious episodes and wandered in the ward at night. He was disorganised and sometimes became agitated and violent. He took off his bedclothes and exposed his genitalia in the presence of nurses. He was amnestic about the previous delirious episode the next morning. After a few weeks of treatment with tiapride, he recovered from the delirium for a while, but showed frequent recurrences. Except for the delirious episodes, he was alert and well oriented. Thereafter he gradually became euphoric, and showed a slowing of thought processes and a decline in understanding.
Brain CT showed severe atrophy of the brainstem including its tegmentum and mild atrophy of the cerebellum. EEGs showed a gradual slowing of the background activity from 10 Hz a to 7 Hz 0 waves, mixed with slower 0 waves. He died of cardiac failure at the age of 57.
The weight of the brain was 1050 g. On gross inspection, the brainstem and spinal cord were considerably atrophic (fig 2) . In the spinal cord, shrinkage of anterior spinocerebellar tract and anterior horn was remarkable. In addition to severe atrophy of the pontine basis, severe atrophy of the pontine tegmen- Microscopically, the cerebral cortex and nucleus basalis of Meynert were well preserved. A severe neuronal loss was found in the internal segment of the globus pallidus and subthalamic nucleus. The thalamus showed fibrillary gliosis without neuronal cell loss in the centromedian and parafascicular nuclei, in which the efferent fibres arising from the reticular formation terminate (fig 4) . In the midbrain, the substantia nigra showed At post mortem, the brain weighed 1120g. There was a marked degeneration in the dentate nucleus, superior cerebellar peduncle, Clarke's column and spinocerebellar tract, a moderate degeneration in the substantia nigra, pontine nuclei and pallidoluysian system, and a mild degeneration in the cerebellar cortex. The cerebral cortex and nucleus basalis of Meynert were well preserved. The tegmentum of the pons was severely atrophic and the reticular formation, raphe nuclei and locus ceruleus showed moderate loss of neurons with fibrillary gliosis. The parafascicular nuclei in the thalamus showed fibrillary gliosis without neuronal loss.
Discussion
The neurological features of these three cases and the neuropathological findings of the two necropsy cases are consistent with those generally seen in Joseph disease. The CT findings of the three cases are also compatible with those of Joseph disease. 6 The and epilepsy. Neuropathologically, this disease exclusively shows dentatorubral-pallidoluysian system atrophy, while the spinal cord is intact. Gerstmann-Straussler-Sheinker disease38 is also a hereditary spinocerebellar ataxia, but the clinical course of this disease is shorter than that of Joseph disease, and the remarkable pathological feature is the occurrence of plaque-like deposits.
In addition to the common clinical features of Joseph disease, all our cases showed delirium corresponding to the criteria of DSM III-R. 39 Delirium is an organic mental disorder characterised by a recognition disturbance based on impairment of consciousness, presenting perceptual disturbances, incoherence, increased psychomotor activity and disturbance of the sleep-wake cycle.3940 EEGs show an increase of slow-wave activity and slowing and disruption of the normal a rhythm during the delirium episode.40 After recovering from the delirium the patient sometimes does not recall his behaviour during the delirious episode. 40 It is widely accepted that the intelligence is totally intact in Joseph disease.4' However, there has been no systematic investigation of mental status in this condition.25 Furthermore, psychiatric symptoms have received little attention.25 Delirium associated with Joseph disease seems to be rare. Only a few authors20 24 26 have reported delirium associated with this condition. Ishino et a126 reported a patient who developed nocturnal delirium in the middle stage. The patient became euphoric and demented. Ikeda20 reported a patient showing sleep disturbance and delirium with visual and auditory hallucinations in the middle stage. The patient also developed a mild dementia with slowing of thought processes, inertia and indifference. Kogure et al24 also reported a patient associated with delirium at the end stage. In our three cases, the delirium following sleep disturbances also appeared at the middle to end stage of the illness. All of them showed nocturnal delirium. In our three cases, brainstem tegmental atrophy was detected by radiological and neuropathological studies. The two necropsy cases revealed degeneration of the reticular formation, raphe nuclei and locus ceruleus, all of which are located in the brainstem tegmentum. The slowing of background activity on the EEGs of the patients supports a dysfunction of the reticular formation, by the absence of obvious cerebral pathology.25 Atrophy of the brainstem tegmentum in Joseph disease has been noted in several papers [18] [19] [20] 24 25 30 but has attracted little attention. A few reports also neuropathologically described brainstem tegmental atrophy associated with degeneration of the reticular formation, 20 24 raphe nuclei20 24 We are deeply grateful to Mr T Ikeda and Miss E Yoshida for their skilful assistance.
